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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.9i«iea|e3|e shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim 1] Annealing performed in an inert gas ambient atmosphere after said thermal oxidation in 
th-e manufacture approach of a silicon carbide semiconductor device of having the thermal 
'oxidation film formation process which forms silicon oxide in a silicon carbide front face by 
thermal oxidation is the manufacture approach of the silicon carbide semiconductor device 
characterized by making it shorter than 2 hours. 

[Claim 2] The manufacture approach of the silicon-carbide semiconductor device characterized 
by to have the process which anneals in 300-500 degrees C in the gas ambient atmosphere 
which contains a hydrogen atom after the annealing process performed in said inert gas ambient 
atmosphere in the manufacture approach of a silicon carbide semiconductor device of having the 
thermal oxidation film formation process which forms silicon oxide in a silicon carbide front face 
by thermal oxidation, and the annealing process performed in an inert gas ambient atmosphere 
after said thermal oxidation. 

[Claim 3] The manufacture approach of the silicon carbide semiconductor device characterized 
by forming an ambient atmosphere by the gas which contains a hydrogen atom at some [ at 
least ] periods of the cooling process of the heat treatment process performed after the cooling 
process after the thermal oxidation in said thermal oxidation film formation process, and a 
thermal oxidation film formation process in the manufacture approach of a silicon carbide 
semiconductor device of having the thermal oxidation film formation process which forms silicon 
oxide in a silicon carbide front face by thermal oxidation. 

[Claim 4] cooling which carries out in the gas ambient atmosphere in which said thermal 
oxidation formation process contains a hydrogen atom at said thermal oxidation and the period of 
at least a part in the manufacture approach of a silicon carbide semiconductor device of having 
the thermal oxidation film formation process which forms silicon oxide in a silicon carbide front 
face by thermal oxidation — since — the manufacture approach of the silicon carbide 
semiconductor device characterized by becoming. 

[Claim 5] The manufacture approach of the silicon carbide semiconductor device according to 
claim 2 to 4 characterized by the gas containing a hydrogen atom being hydrogen. 
[Claim 6] The manufacture approach of the silicon carbide semiconductor device according to 
claim 2 to 4 characterized by the gas containing a hydrogen atom being water. 



[Translation done.] 
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♦ NOTICES* 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Pield of the Invention] This invention relates to the manufacture approach of a silicon carbide 
'semiconductor device of having MOS (metal-oxide-film-semi-conductor) structure, using silicon 
carbide. 
[0002] 

[Description of the Prior Art] Recently, the prototype of the MOS mold field-effect transistor (it 
is described as Following MOSFET) using silicon carbide (it omits Following SiC) as a substrate 
crystal is performed, this — SiC — silicon — comparing — a band gap — large — again — a 
ratio — since field strength is large, it is because single crystals, such as 6 H-SiC and 4 H-SiC, 
can be quite quality and can manufacture [ that high pressure-proofing and the property 
improvement of the semiconductor device for power which controls a high current are expected, 
and ] now. These are the alpha phases SiC of the form where the laminating of a sphalerite mold 
and the wurtzite mold was carried out. Moreover, not only MOSFET but examination of the 
insulated-gate bipolar transistor (it omits Following IGBT) which is a bipolar component can be 
begun. 

[0003] These devices are MOS mold semiconductor devices which form a channel in the semi- 
conductor front face under an insulator layer, and control a current by impressing an electrical 
potential difference to the electrode on an insulator layer. Although the device using metal- 
oxide-semiconductor structure is important for the latest silicon LSI. in the silicon 
semiconductor device, the silicon oxide formed in the silicon substrate surface by thermal 
oxidation is used as an insulator layer. 

[0004] Since silicon oxide with a good semi-conductor-insulator layer interface is obtained by 
thermal oxidation and SiC can use the silicon oxide as gate dielectric film or stabilization film by 
it like silicon, the application to these devices is easy for it. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in SiC, when silicon oxide is formed by 
thermal oxidation, much reports that there is at least very much ****** generated between 
silicon oxide and SiC as compared with the case where a consistency is a silicon substrate are 
made. [. for example, Shenoy, and J.N. Others : J.of Electron Materials. VoL24 (1995). p.303] It is 
fatal that there are many consistencies as ****** for the MOS mold semiconductor device 
which controls the electron of the part near a **** front face, and some attempts for which at 
least ****** decreases a consistency are made. Here, an oxidation process is explained in order 
to give the following explanation easy. 

[0006] Drawing 2 is a flow chart showing the temperature change of an acid chemically-modified 
[ typical ] degree. That is. an axis of abscissa expresses time amount and the axis of ordinate 
expresses temperature, temperature T1 setting — a sample — an oxidation furnace — 
introducing — the temperature of after that and a furnace — oxidation temperature T2 up to — 
the process to raise is the process of A. Then, temperature T2 t1 Only time amount oxidizes. 
Under the present circumstances, in a furnace, steam, the wet oxygen which is oxygen in which 
the steam was included or the dry oxygen which does not contain a steam, etc. is passed as an 
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oxidizing quality ambient atm^phere. This process B turns into an oxidation process. In the 
same temperature as oxidation, or the other temperature, through the annealing process in the 
inside of inert gas, such as nitrogen and an argon, a furnace is cooled and, finally a sample is 
taken out from a furnace after it. This is the last process C. Generally in the production process 
of a silicon semiconductor device, annealing in the inside of inert gas is needed at least for 
%:|e9M<»Mc for reduction of a consistency etc. drawing — annealing time amount — t2 ****** it 
was shown. Moreover, although annealing was made the same as that of oxidation temperature, 
you may change by a diagram. 

[0007] Some attempts for which at least above ****** decreases a consistency occur. Others 
[. / von Kamienski E.S]: Materials Sci.and Eng.B29 (1995). p.131 Then that wet oxidation is better 
than dry oxidation shows — having — moreover — Lipkin LA. Others: In Proc.26th IEEE 
Semicond.Interface Specialist Conf(1995) p.131 In temperature lower than oxidation 
temperature, performing additional wet oxidation supposes that it is good for the reduction like 

[0008] Although such an attempt occurs, ****** is still in a high level and the improvement is 
.demanded. The object of this invention is in view of the above problem to offer the thermal 
oxidation film formation approach of a silicon carbide semiconductor device of having reduced at 
least ******. 
[0009] 

[Means for Solving the Problem] This invention makes shorter than 2 hours annealing performed 
in an inert gas ambient atmosphere after said thermal oxidation in the manufacture approach of a 
silicon carbide semiconductor device of having the thermal oxidation film formation process 
which forms silicon oxide in a silicon carbide front face by thermal oxidation, for the above- 
mentioned technical-problem solution. 

[0010] Although the detail of the mechanism explaining the effect of annealing in the inside of an 
inert gas ambient atmosphere is unknown, as the below-mentioned experimental result shows, an 
interface-state-density consistency rises by performing annealing. Moreover, in the manufacture 
approach of a silicon carbide semiconductor device of having the thermal oxidation film formation 
process which forms silicon oxide in a silicon carbide front face by thermal oxidation, after 
forming an oxide film by said thermal oxidation, and after performing annealing in an inert 
atmosphere, it shall anneal in 300-500 degrees C in the gas ambient atmosphere containing a 
hydrogen atom. 

[0011] If it is made such, as the below-mentioned experimental result shows, at least in ******, 
a consistency will decrease about 20%. If the bottom uses aluminum from 300 degrees C as a 
temperature requirement as the temperature which is extent which a metal does not dissolve, 
for example, most common metal, about 500 degrees C of a top are desirable. Furthermore, it is 
best for some [ at least ] periods of the cooling process after heat treatment performed after 
the cooling process after oxidation termination, and a thermal oxidation film formation process to 
form an ambient atmosphere by the gas containing hydrogen atoms, such as hydrogen or water. 
[0012] If it is made such, as the below-mentioned experimental result shows, at least in ******, 
a consistency will decrease substantially. The detail of a mechanism is unknown. 
[0013] 

[Embodiment of the Invention] For the above-mentioned technical-problem solution, when the 
manufacture approach of the silicon carbide semiconductor device of this invention examines the 
ambient atmosphere at the time of cooling after the low warm temperature processing after the 
annealing time amount in the inside of the inert gas ambient atmosphere after thermal oxidation, 
and annealing in the inside of this inert gas ambient atmosphere, or thermal oxidation etc., at 
least ****** which is the important property of an MOS mold semiconductor device reduces a 
consistency. 

[0014] The gestalt of operation of this invention is explained referring to a drawing below, 
aluminum dope of the carrier concentration of [example 1] 1x1016cm-3 and the p mold SiC of a 
field bearing (0001) silicon side were used. Although dry oxygen is passed at the time of the 
temperature up of a furnace, a wet ambient atmosphere or an inert atmosphere is also available 
for this. Into 95-degree C hot water, wet oxidation was performed with the wet oxygen to which 
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the bubble of the oxygen wa^arried out for 1 100 degrees C and 5 hours, and the oxide film with 
a thickness of 35nm was grown up. The controlled atmosphere was changed into desiccation 
nitrogen, annealing of 0 - 10 hours was performed, and it cooled in desiccation nitrogen. 
[0015] At least ****** of the obtained sample shows a consistency to drawing 1 . At least 
:fc9|c3»:3|e9|c9|c obtained by the axis of ordinate in the annealing time amount after oxidizing on an axis of 
abscissa shows a consistency. It turned out that an interface-state-density consistency rises by 
annealing in the inside of nitrogen-gas-atmosphere mind. As for annealing in the inside of the 
inert atmosphere in a thermal oxidation process, it turns out that time amount 0 is best. 
[001 6] However, various heat treatment processes may be after a thermal oxidation process. For 
example, when gate polish recon is deposited on the thermal oxidation film, alloying heat 
treatment for forming impurity doping to polish recon and OMIKKU with a metal etc. can be 
considered. These heat treatments are usually performed around 1 000 degrees C. Therefore, 
when performing annealing in the inside of an inert gas ambient atmosphere in the heat 
'treatment process in an acid chemically-modified degree and after an oxidation process from the 
experimental result obtained this time, as for total of the time amount, considering as less than 2 
^ hours is desirable. 

The sample of the [example 2] example 1 was anew annealed at 400 degrees C for 1 hour in the 
nitrogen-gas-atmosphere mind which contains hydrogen 10%. At least ****** of the obtained 
sample shows a consistency to drawing 1 . An axis of abscissa is annealing time amount, and at 
least ****** of an axis of ordinate is a consistency. 

[0017] From this result, signs that the consistency is decreasing on the whole understand at 
least ****** clearly. For example, as for a consistency, 3.3x1 01 2cm-2 and eV-1 to 2.5x1 01 2cm- 
2eV-1 and about 25% of reduction are seen at least for ****** of the sample which annealed for 
2 hours. On a certain problem, when a consistency is as bad as ****** after oxidation, this data 
has given how at least ****** improves a consistency, also after forming a gate electrode. 
[0018] Although carried out in 400 degrees C in this experiment, this Is not necessarily important 
conditions. Namely, what is necessary is just to shorten annealing time amount that what is 
necessary is just to set up annealing time amount for a long time if temperature is low. if 
temperature is high. If the temperature which is extent to which 300 degrees C does not dissolve 
the bottom and a metal does not dissolve a top as practical temperature, for example, aluminum, 
is used, about 500 degrees C is desirable. It is desirable to carry out as annealing time amount 
by choosing from the range of for [ 30 minutes ] - about 2 hours. 

The oxide film with a thickness of 35nm was grown up by the wet oxidation of the same 
conditions using the same SiC substrate as the [example 3] example 1. Then, also in the cooling- 
off period of a sample, it was made the wet ambient atmosphere. 

[0019] The reduction with a consistency as remarkable as 1x101 1cm-2 and eV-1 as ****** of 
the obtained sample was seen. (Triangle mark in drawing 1 ) Although it is thought that this data 
resembles the result of the paper of Lipkin, at low temperature, the approach of Lipkin oxidizes 
an addition, and has brought the result that 950 degrees C of that temperature are the optimal, 
and the approach of only this invention cooled in the ambient atmosphere containing a hydrogen 
atom can be clearly regarded as a heterogeneous experimental result. That is, it turns out that 
the experiment data acquired here are completely new. 

[Example 4] After performing wet oxidation similarly using the same SiC substrate, it cooled in 
the nitrogen containing 1 0% of hydrogen. 

[0020] At least ****** of the consistency of the obtained sample were 1x101 1cm-2 and eV-1. 
From this result, reducibility is sufficient as the ambient atmosphere in a cooling process, and it 
is shown that existence of a hydrogen atom is important. The above result results in the 
conclusion that hydrogen is important in annealing. That is, also when lowering temperature after 
oxidation, what the gas containing hydrogen should be used for is understood. It is one important 
point **** of this invention which used the water containing a hydrogen atom as the substitution 
means. Of course, although it is clear also fi^om the point pointed out to the last of this invention 
that hydrogen is sufficient, since it is dangerous, using hydrogen at an about 1000-degree C 
elevated temperature should just be gas which only used water and contains a hydrogen atom. 
As a content of a hydrogen atom, 1 0% or more is desirable. 
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[0021] In addition, although omy the example of wet oxidation was shown, also in the sample of 
steam oxidation or dry oxidation, it checked that the reduction with a as sharp consistency as 
a|c9i»|ca|c9|c9fc yvas made by the heat treatment approach of this invention. 
[0022] 

[Effect of the Invention] As explained above, when the thermal oxidation film formation approach 
of a silicon carbide semiconductor device examines the ambient atmosphere at the time of 
cooling after low warm temperature processing of the annealing time amount after thermal 
oxidation and the thermal oxidation film formed once, or thermal oxidation etc.. according to this 
invention, at least ***3|esMc can reduce a consistency. 

[0023] At least ****** is size the place which ** that a consistency is the important property of 
an MOS mold semiconductor device, and reduces the consistency by this invention to utilization 
of the MOS mold semiconductor device of silicon carbide. 



[Translation done.] 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



- [Brief Description of the Drawings] 

[Drawing 1] At least ****** of this invention first and the second and third example is 
consistency property drawing. 

" [Drawing 2] The temperature flow chart of a thermal oxidation process 
[Description of Notations] 
A Warm up period 

B Between oxidation refining periods 

C Annealing period 

t1 Oxidation time amount 

t2 Annealing time amount 

T1 Insertion temperature 

T2 Oxidation temperature 



[Translation done.] 
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